INTRODUCTION
The cheetah is one of the most sought after species for public and private zoological collections.
Although they were exhibited in London as early as 1829, none were bred in captivity until 1960 [Jones, 1981] . Approximately 30 litters have been born in captivity in the US since 1977. No wild-caught cheetahs have been imported since 1972. Consequently, the remaining wild-caught animals are old and increasingly unsuitable for reproduction [Lindburg, personal communication] .
In [1981] [1982] we assembled data on 85 cheetahs-59 live individuals and 26 museum skulls. When our data were assembled and examined collectively, the profile of a developmentally disabling oral condition emerged. This self-inflicted localized wound through the roof of the mouth has been labeled focal palatine erosion (FPE) . FPE has been identified in museum specimens, wild-caught individuals presently living in captivity, and in captive-born individuals. This disorder has been associated with diet, specific blood lines, macro nodular renal disease, chronic suppurative rhinitis, and noma. The implications of this syndrome for a captive breeding program appear to be significant, particularly in light of the fact that the cheetah has very little genetic variation [O'Brien et al, 1981] , an aberrant sperm form [Howard et al, 1981] , and rather poor reproductive history [Jones, 1981] .
METHODS
Following the discovery of FPE in a female at the San Diego Wild Animal Park in 1981, a total population of 59 live cheetahs and 26 museum skulls were examined for the defect. Data on each animal's history, diet, and ancestry were collected.
Live cheetahs studied were from five zoological parks, and all affected animals are detailed in Table 1 . With the exception of one cheetah from East Africa, the study animals were imports from SW Africa and their offspring. Eight of these animals were wild caught and kept in captivity for over 10 yr, and the remaining 51 were captive born and raised. Thirty-nine cheetahs at Wildlife Safari in Winston, Oregon, were examined by their veterinarian after the disorder was described at the cheetah conference held there in December 1981.
The study animals were given either soft commercial diets or animal carcasses. The commercial diets were widely used feline diets consisting primarily of horsemeat, chicken, and animal by-products. These were either canned or packaged frozen and had the consistency of raw hamburger. If bones were provided, they were beef ribs or knuckles with little or no meat attached.
The animal carcasses included deer, horse, beef, chicken, and occasional exotic hoof exotic. These were given either whole or divided into large sections.
The method of restraint used for the oral examination was manual or general anesthesia. Five cheetahs were examined postmortem. Any cheetah which exhibited localized palatine erosion related to malocclusion of the lower first molar was classified as having FPE.
Two cheetahs from the Sacramento and Milwaukee zoos were included in the survey following personal communication with the veterinarians and researchers involved at those facilities. Three affected skull specimens identified at the American Museum of Natural History collection in New York were the result of an examination of twenty-four adult specimens by their curatorial staff at the authors' request, and two unaffected skull specimens from the San Diego Natural History Museum were personally examined. The criterion used to determine FPE in skull specimens was perforation of the palatine bone medial to the lower first molar. Since this condition would only occur in more advanced cases, these data were evaluated separately from the live specimens.
RESULTS

Description and Pathogenesis of FPE
The previously undescribed defect identified in this study consists of a self-inflicted wound through the palate, medial to the upper first molars. In all cheetahs there is normally a light indentation of the palatine mucosa in the general area of the greater palatine foremen, apparently to accommodate the predominate distal cusp tip of the lower first molar (Fig. 1) .
FPE has been identified as early as 10 months of age (Table 1, case 6). The initial lesion is a slight, localized cellulitis and may be easily overlooked as a typical eruption or "teething" disorder [Levesque et al, 1981] .
As the dental cusp tips make regular contact with the palatal mucosa, a destructive circular pattern of mucosal cellulitis with loss of normal mucosal pigmentation occurs. The tooth eventually penetrates through the palatine bone itself, causing further inflammation (Fig. 2) . Eventually, a localized osteomyelitis occurs as the recurrent trauma compromises the reparative capability of the bony palate. With continued traumatic impaction of foreign particulate matter into the defect, a gangrenous noma like process [Buchanan et al, 1981] begins to spread throughout the adjacent oral-facial tissues resulting in a large oral-nasal fistulous defect which extends completely through the palatine bone (Fig. 3) into the nasal passage. destroying the nasal turbinates (Fig. 4) . In the most severe case, a destructive osteonecrosis progressed all the way up to the bony support of the orbit of the eye, destroying the posterior one third to one half of the nasal turbinates, leaving a fistulous defect between the mouth and the nasal passage. Dental malocclusion of one degree or another has always been observed in association with the tissue damage.
In advanced cases, via the circulatory system, an intermittent chronic bacteremia occurs with all of the associated systemic consequences, such as renal failure, bacterial endocarditis, and bacterial arthritis.
Frequency and Distribution
Analysis of 19 cheetahs fed commercial diets and imported in 1970 from SW Africa, or their offspring, showed a 70% incidence of FPE (Fig. 5) . The wild-caught vs captive-born animals were analyzed independently and the figures were unaffected. Analysis of the diet with further consideration to import groups show that all but one affected cheetah were 1970 imports or their offspring. (This analysis excluded one animal of E African origin with FPE.) This disease was absent in 39 cheetahs fed natural diets that were 1972 imports or decedents (Table 2) . One animal from the 1972 group received a commercial dia and developed FPE. _____________________________________________________________________________ _ Examination of 26 museum skulls revealed four cheetahs with palatine bone perforation inflicted by the opposing molar. These abnormal skulls were found among eight animals known to be zoo raised (Fig. 6 ). Fourteen specimens which were wild collected (some as early as the 
Relationship to Dentition
Focal palatine erosion appears to be caused by maloccluded dentition. In the most severe case (case 1), bilateral lower fourth premolars were missing and there was extreme mesioangular inclination of the lower first molars (Fig. 7) . This resulted in an elevation of the distal cusp tip of the lower first molars bilaterally which, in turn, caused that portion of the tooth to make contact with the soft tissue of the palate each time the mouth was closed. This continuous self-inflicted trauma eventually penetrated completely through the palate into the nasal passage. This condition (FPE) was aggravated by the presence of impacted decayed grasses and food debris resulting in considerable further tissue destruction and osteonecrosis.
Accompanying Behavioral Signs
Signs of abnormal behavior or pathology are not always easily observed with this disease, and in some cases, were only discovered during necropsy. In the first severe case observed (case 2), a blood-tinged mucous discharge from the nose was the chief complaint which prompted a comprehensive physical examination. This animal displayed signs of snorting and sneezing in an apparent attempt to dislodge an irritant from the nasal chamber. Examination revealed varying degrees of soft and hard tissue erosion and perforation through the lateral aspect of the palate in the area bounded by the greater palatine foremen, the midline of the palate, and the maxillary left first molar that extended into the nasal passage. The entire posterior nasal cavity was impacted with decaying grasses, necrotic tissue, twigs and several hundred "foxtails" (spiked. flowering grasses). In another individual (case 1), preliminary examination revealed similarly impacted debris in the nasal passage. However, when seen 1 wk later for treatment, the nasal passage was essentially free of debris, suggesting that the sneezing and coughing were effective.
Relationship to Renal Failure
Radiographs of the mandible of case I [using the method of Zontine, 1975] were examined, revealing medullary osseous tissue which lacked the latticelike trabeculation patterns of characteristic of healthy osseous structures, and which is suggestive of a systemic bony disorder or atrophy from disuse of the masticatory apparatus. Spolnick, et al [1981] discuss the radiographic manifestations of renal disease and point out that a number of systemic diseases have oral manifestations, but unfortunately many of their radiographic appearances are not characteristic for a particular disease. The radiographic changes associated with renal osteodystrophy include subperiosteal bone resorption, altered jaw density, localized destructive lesions, tooth abnormalities, and extraneous calcifications. The necropsy report of the cheetah described in case 12 associated the cause of death with severe kidney failure which was accompanied by chronic suppurative lymphadenitis associated with the oral-nasal osteomyelitis and FPE.
DIAGNOSIS, CONTROL, AND TREATMENT
Focal palatine erosion is diagnosed by direct visual observation of the lesion and lower first molars (Fig. 7) . Early lesions are characterized by chronic localized cellulitis and the five classic signs of inflamation. It is possible that alteration of the normal blood chemistry may indicate a lesion in a general and nonspecific manner. More severe lesions are associated with specific osseous changes and chronic bacteremia. Consequently, any effective screening method for renal osteodystrophy could prove to h diagnostic for FPE. Spolnick et al [1981] suggest that "dental and hand radiographs would be the safest and most efficient means of screening patients for renal osteodystrophy, because of their high diagnostic potential" (Fig. 8) . Zontine [1975] and others have adequately described the appropriate radiographic techniques. Marshall [1976] has correlated the relationship between oral radiographs and both dental development and skeletal development (hand and wrist), which may be of help in interpreting intra-oral radiographs in exotic species. Smuts et al [1978] discuss in detail the eruption sequence of deciduous and permanent teeth in large felids.
FPE was initially treated with appropriate systemic antibiotics to manage the ever-present localized cellulitis and bacteremia. Page and Schroeder [1982] note that the tetracycline derivative minocycline is one of the most effective antibiotics for the treatment of periodontal infections because it reaches concentrations in the gingival fluid approximately fivefold higher than in the blood. Decaying grasses, food, and other debris were removed from the nasal passage, and the entire defect area flushed, debrided, and treated with a local bacteriostatic agent. The first cheetah (case 2) treated also displayed symptoms of severe allergic rhinitis, that did not respond to treatment until the patient was relocated onto a concrete-floored enclosure free from grass.
Less severe cases were treated by reducing the tip of the offending dental cusps (see Fig. 9 ), medicating the exposed pulpal tissues, restoring the biting surface, and prescribing antibiotics to encourage soft tissue repair and regeneration. The surgical knowledge required to repair the oral-nasal defect is readily available and, although the task represents a significant commitment in time and expense, reconstruction is possible with a repositioned tissue graft. The graft site should be evaluated post-operatively for healing and scheduled for follow-up as necessary.
DISCUSSION
Dietary Cause
Malalignment of the dentition could be the result of trauma during the development of the teeth and/or masticatory apparatus. or from other developmentally related causes like nutritional imbalance, dietary deficiency, or simply atrophy caused from disuse [Tiecke et al, 1959] . However, Melhop's [1982] investigation suggests that most morphological differences observed between wild and captive carnivores are environmental, rather than genetic in origin [personal communication!. Diet is clearly an environmental factor. The recent work by Corruccini and Beecher [1982] reveals that a group of 43 squirrel monkeys raised on soft foods show more rotated and displaced teeth, crowded premolars, and absolutely and relatively narrower dental arches. They further conclude that chewing stress is an epidemiological factor with possible preventive implications for occlusal disorders, and that relation of masticatory demand to processed foods provides a consistent model for predicting the inevitable transition from predominantly good to bad human occlusion within one generation's time, as experienced by many societies when the diets shift to soft, processed foods (emphasis added).
All of the live animals in our study that exhibited FPE were raised on a soft, commercially prepared diet. Although occasional bones were provided in some cases, the authors observed that cheetahs showed little interest in chewing on them unless quite a bit of meat was still attached. In no case were they observed using their molars. These cheetahs may also not have been provided with the proper masticatory stimulus during their developmental period. which could have resulted in the abnormal dentition at maturity. The affected cheetahs may have experienced changes in their jaw structure such as those described by Hollister [1917] and Melhop [1982] The physiology of exercise and the impact of regular exercise upon the mammalian skeletal muscular system are important developmental factors. The most significant item noted when observing cheetahs ingesting a soft commercially prepared carnivore diet is the lack of vigorous tearing and chewing exercise associated with the eating or gulping behavior.
The masticatory apparatus of the carnivore has been designed and perfected by strenuous use for a long period of time. Rapid loss of muscle strength and tissue mass appear to be associated with a regular diet of soft food. It is possible that cheetahs require additional "hassle factor per mouthful of nutrients" [Fagan, 1980 a, b] , not just to sustain their normal levels of facial muscle mass, but to prevent the development of oral defects. A case of dental malocclusion and focal palatine erosion in a clouded leopard was recently seen at the San Diego Zoo and suggests that other species may be similarly affected as well.
In 1917, Hollister at the National Zoo described some effects of environment on a group of over 100 East African lions. He contrasted the zoo animals with a similar group of wild-killed specimens and found definite differences in their skulls. The captive lion skulls were shorter, broader, and massive in structure. Hollister believed the changes were the result of atrophy from disuse of the muscles involved in normal killing and consumption of prey. "Changes in the skull which would be accepted as of specifics or possibly of generic value in wild animals from different regions are thus produced in the life of a single individual within from five to seven or eight years, almost as rapidly as if by mutation." Colyer's [1936] analyzes of 1,236 wild-collected felids revealed only 6% with any type of dental anomaly. None of the 17 cheetahs he examined showed dental abnormality. In our study, the fact that all four cases of advanced FPE found in museum skull specimens were from zoo-raised animals, and that FPE has not been found in any of the wild-killed specimens, strongly supports the idea that FPE has a direct relationship to the conditions characteristic of the captive environment.
Possible Genetic Contribution
The genetic supposition is based on the fact that irregularity in size, shape, or absence of teeth can be inherited [Tiecke et al, 1959] . All of the affected animals in our study showed some degree of malocclusion, macrodontia, or partial anodontia. Case 1 with absent premolars may have been the result of genetic factors and all of her offspring are being watched for similar abnormalities. FPE may also prove to be a genetic condition that predisposes an individual to the disorder with the actual defect manifesting itself later, depending upon various environmental conditions. In our study, approximately 86% of live cheetahs with FPE were part of a single shipment from SW Africa in 1970 or their descendants (Fig. 5) . Only one animal of 40 from a similar shipment in 1972 developed FPE, which may suggest a genetic factor present in the first group, although the corresponding dietary data may be more revealing of the actual cause.
The recent studies of O'Brien et al [1981] show that wild cheetah populations have extremely low levels of genetic variation, equivalent to at least 20 generations of sib mating! It is difficult to conceive that a defect of the magnitude of FPE is solely of genetic origin and yet appears in so few generations of captive breeding.
CONCLUSIONS
The profile of an apparent development and/or genetic oral-nasal defect labeled focal palatine erosion (FPE) has been described. The exact etiological origin of this defect remains to be determined. If FPE proves to be of genetic origin, the implications for a captive breeding program may be significant. If it is developmental in origin, the management questions may be equally significant.
It is necessary to examine many more live cheetahs. especially those in the wild, before more absolute conclusions can be reached. Our conclusions to date are as follows:
1.
Focal palatine erosion medial to the upper first molars appears to be a self--inflicted traumatic disorder associated with abnormal size or position of the lower first molars in cheetahs.
2.
In ALL cheetahs, there is normal anatomic indentation of the palatine mucosa in this general area, apparently to accommodate the distal cusp tip of the lower first molar.
3.
Focal palatine erosion ranges from the slight loss of palatal pigmentation with inflammatory cellulitis to a large oral-nasal bony defect extending through the palatine bone resulting in osteonecrosis and noma.
4.
Insufficient wear and atrophy from disuse of the masticatory apparatus from lack of proper dietary stimulation is believed to be a major cause of FPE.
5.
Heritability may be a factor since all but two animals were part of, or offspring of, cheetahs shipped from SW Africa in 1970 (although these animals were also fed a commercially prepared soft diet).
6.
Particles of foreign matter and food debris which lodge in the focal palatine defect result in localized infection and further tissue damage.
7.
This disorder has been found exclusively in captive cheetahs fed a soft, commercially prepared diet with occasional rabbit or chicken supplement.
